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(2) To the extent to which the Principle of Dynamical Similarity is applic- 
able to the flow of fluid in tubes, a, b and n should be absolute constants 
applicable to all fluids and all tubes. Stanton and Pannell's results show 
that over a wide range a = 0*0018, h = 0*153 and n = 0*35. 

(3) As the velocity and diameter increase and as the kinematical viscosity 
decreases the pressure difference varies more nearly as lpv 2 /d, 

(4) The effect of temperature on the pressure difference decreases as the 
velocity and diameter increase and as the kinematical viscosity decreases. 
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In an earlier paper by Mr. F. E. Smith* and a second paper by the author 
in conjunction with Mr. F. E. Smith it was shown that the weight of silver 
deposited by a given current was influenced in a very important degree by 
impurities in the silver nitrate solutions. The most important impurities 
are those which are capable of exerting a reducing action upon the silver 
nitrate. But there is also a group of substances to be considered which 
are soluble in silver nitrate solutions, though almost insoluble in water : these 
are precipitated when the silver nitrate solutions are impoverished at the 
cathode by the passage of the current and cause an appreciable increase in 
the weight of the deposit. They may be removed by diluting the silver 
nitrate solutions, filtering off the precipitated impurities, evaporating the 
filtered solution and draining the crystals of silver nitrate which separate ; 
any impurities that may have escaped precipitation will be freely soluble in 
the concentrated mother-liquor from which the crystals have separated, and 
may be got rid of in the usual way by draining on the pump and rinsing 
cautiously with water. 

In view of the importance of these impurities in the experimental deter- 
mination of the electrochemical equivalent of silver, and the interest of the 

* Part I, " A Comparison of Various Forms of Silver Voltameters," by F. E. Smith, 
A.R.C.Sc, and "A Determination of the Electro-chemical Equivalent of Silver," by 
F. E. Smith, A.R.C.Sc, and T. Mather, F.RS. (< Phil. Trans.,' A, vol. 207, pp. 545-581 
(1908)) ; Part II, "The Chemistry of the Silver Voltameter," by F. E. Smith, A.R.C.Sc, 
and T. M. Lowry, D.Sc ('Phil. Trans.,' A, vol. 207, pp. 581-599 (1908)). 
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problem from the standpoint of the theory of solutions, it appeared to be 
desirable to pursue the matter further and to make quantitative measurements 
of the solvent properties of silver nitrate solutions for some typical substances 
which are insoluble, or nearly so, in pure water. The present paper includes 
measurements of the solubility of silver chloride, bromide, iodide, and sulphide. 
The solubility of the iodide has already been investigated somewhat fully by 
Hell wig,* but only a few incidental measurements have been made in the case 
of the other salts. 

A. Silver Chloride. . 

(With F. Hawkes, J. F. Potts, B.Sc, and R, G. Parker, B.Sc.) 

In determining the conditions that were most favourable for the precipita- 
tion of silver chloride and silver bromide, Stas foundf that the solubility of 
these compounds was diminished by the presence of an excess either of silver 
nitrate or of the soluble halogen salt. This is in accordance with the law of 
mass-action, according to which the action 

AgK0 3 + KC1 ^ AgCl + KN0 3 

should be driven towards completion (left to right) by the presence of an excess 
of either of the substances shown on the left-hand side of the equation. 

It has long been known, however, that the contrary effect takes place in 
more concentrated solutions. Thus Berthollet, in 1799,$ discussing the 
problem of removing small quantities of hydrochloric from nitric acid, writes 
as follows : — ■ 

" Muriate of silver being much less soluble than muriate of lead, silver is 
therefore much better than lead for retaining the muriatic acid mixed with 
nitric acid ; yet Welter and Bonjour have observed that some muriatic acid 
always passes by distillation, if the precautions indicated by those learned 
chemists were not attended to. To obtain nitric acid pure in a direct manner 
it is necessary that the acid to be distilled be diluted, so that it may not have 
strength sufficient to dissolve muriate of silver, and that the muriate of silver 
which is precipitated be separated before the liquid be submitted to the 
action of heat; still better, the muriatic acid of nitrate of potash maybe 
precipitated by a solution of silver ; and by decomposing afterwards the 
nitrate of potash, nitric acid will be obtained quite pure, and free from 
muriatic acid." 

Berthollet's observation is again in agreement with the law of mass-action. 
But precisely similar effects are produced by concentrated solutions of 

* < Zeitschr. Anorg. Chem.,' vol. 25, pp. 157-188 (1900). 

t * (Euvres,' vol. 1, pp. 87-194. 

J ' Chemical Affinity,' English translation, p. 178. 
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hydrogen chloride or of common salt (see, for instance, Barlow*), both of 
which might be expected, by a simple application of the law of mass-action, 
to produce a diminution of solubility. The solvent properties of concentrated 
solutions of silver nitrate are less widely known, but the effects produced are 
quite as important as those which are observed in the case of hydrochloric acid 
and common salt. 

It is not the purpose of the present paper to discuss fully the origin of 
these remarkable solvent influences ; but it may be suggested that (in accord- 
ance with the general principle that " like dissolves like ") fused silver nitrate 
is probably an excellent solvent for silver chloride and that the behaviour of 
its concentrated aqueous solutions may be interpreted in much the same way 
as that of other mixed solvents. The case appears to resemble the use of a 
mixture of alcohol and water to dissolve an organic compound such as camphor, 
the solubility of which in dilute aqueous alcohol is very small, but increases 
rapidly as the concentration of the alcohol in the mixture is increased. 

Solubility of Silver Chloride in Silver Nitrate {Gravimetric Method). 

The solubility of silver chloride in aqueous silver nitrate was measured by 
two methods— 

(a) By gravimetric analysis at 20° C. 

(b) By volumetric analysis over a range of temperature, up to about 100° C. 

In the gravimetric analysis a considerable quantity of silver nitrate was 
dissolved in less than half its weight of water, and a precipitate was formed 
by adding a known quantity of a standard salt solution. The mixture 
was stirred in a large test-tube, supported in a thermostat heated to 20° C. 
After a time, the precipitated silver chloride was allowed to settle, the bulk 
of the clear liquid w r as decanted and the precipitate was collected on a 
weighed Gooch crucible. After draining away as much as possible of the 
concentrated silver nitrate solution the silver chloride was washed, dried, and 
weighed. 

The weight of the precipitate obtained in this way was much less than when 
the salt was precipitated from a dilute solution by a small excess of silver 
nitrate. A considerable proportion of silver chloride had therefore been 
retained by the silver nitrate, when present in great excess and in a 
concentrated solution. 

The whole of the silver solutions, including the earlier washings from the 
Gooch crucible, were then collected, made up to a known weight with water, 
warmed to ensure complete saturation with silver chloride, and again stirred 

* ' Anier. Chem. Soc. Journ.,' vol. 28, p. 1446 (1906). 
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in the thermostat at 20° C. A further quantity of silver chloride was 
thus thrown down, and this was collected and weighed as before. This 
process was repeated until almost the whole of the silver chloride had been 
collected. 

In a preliminary series of experiments 120 grm. of silver nitrate were 
mixed with 19 '987 grm. of a decinormal solution of sodium chloride in 
presence of quantities of water amounting altogether to 60 grm. in the first 
and 240 grm. in the final measurement. Out of a total weight of 0'2868 grm. 
AgCl, the quantities precipitated and retained were : — 



'&' 



AgN0 3 . 


Water. 


AgCl 
precipitated. 


AgCl retained. 


AgCl retained per 
100 grm. AgN0 3 . 


grm. 

120 

120 

120 

120 


grm. 
60 
90 

120 

240 


grm. 
-1220 
-0670 
-0255 
-0469 


grm. 
-1648 
-0978 
'0723 
-0254 


grm. 
0-1390 
-0815 
-0802 
-0212 



These measurements showed the general nature of the effects which 
might be expected, and indicated the conditions that were necessary for 
successful working. The second and final series of measurements was made 
with 220 grm. of silver nitrate and 30*0558 grm, of N/10 salt solution, which 
should have given 0*4314 grm, AgCl. The silver chloride precipitated and 
retained was as follows: — 



Table I. — Solubility of Silver Chloride in Silver Nitrate at 20° C, 



AgNO s 



Water. 



AgCl 
precipitated. 



grm. 


grm 


220 


110 


220 


165 


220 


220 


220 


330 


220 


440 



grm. 
-1296 
'0800 
-0630 
-0704 
-0238 



AgCl retained. 


AgCl retained per 
100 grms. AgN0 3 . 


grm. 
-3018 • 




grm. 
'1372 


-2218 




-1009 


-1588 




-0722 


0-0884 




-0402 


-0646 




-0294 



It will be seen that the quantities of silver chloride retained per 100 grm, 
of silver nitrate in presence of 50 grm. of water agree closely in the two 
series of experiments, namely, 0*1390 and 0*1372 grm. The quantities 
retained after dilution are too small in the preliminary series, because local 
precipitation had taken place on dilution, and the necessity of warming the 
solutions to secure complete saturation had not been discovered. 
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The rapid diminution of solubility by dilution with water is shown in 



fig. 1. 




Fig. 1.- 



667XA& 



-Influence of Dilution on the Solubility of Silver Chloride in Silver Nitrate 

Solutions. 



Solubility of Silver Chloride in Silver Nitrate ( Volumetric Method). 

The volumetric method of measurement has the advantage of providing 
data for a wide range of temperatures almost up to the boiling point of the 
solutions; it can also be carried out with much smaller quantities (5 to 
10 grm.) of silver nitrate. 

The silver nitrate was weighed into a test-tube provided with a thermo- 
meter and a small stirrer passing through a rubber stopper. A known 
quantity of water, containing a suitable amount of salt in solution, was 
added under such conditions that a clear solution was obtained. The test- 
tube containing the hot solution was then placed in a beaker of hot water 
and allowed to cool slowly, with constant stirring, until it became opalescent 
by the separation of silver chloride. It was found that this effect could be 
detected far more readily when the test-tube was surrounded by clear water 
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for comparison than when it was cooled in air, and that stirring was essential 
to prevent supersaturation. The temperature of saturation could be fixed 
within about a degree. By varying the proportions of water, silver nitrate, 
and salt, complete temperature-solubility curves could be plotted for any 
driven ratio of silver nitrate to water. 
The following data were obtained : — 

Table II. — Solubility of Silver Chloride in Silver Nitrate at Different 

Temperatures. 



AgNO, 



NaClN/10. 



Temperature. 



AgCl retained 
per 100 grin. AgN0 3 . 



(a) AgN0 3 : Water - 2 : 1. 



grm. 

6-0 

7-0 

8-0 

9-0 

11 -0 

7'0 

10-0 

10-0 

10*0 



c.c. 



2 
2 
2 
2 
2 
1 
1 
4 
5 
















°c. 

57 
45 
40 
35 
30 
26 
22 
65 
86 



(b) AgN.Os : Water =1:1. 



5 


•o 


6 


•o 


7 


•o 


8 


•o 


9 


•o 


5 


•5 


6 


•5 


2 


•o 



1-0 
1-0 
1-0 
1-0 

i-o 

0-5 
0'5 
0*5 



94 

84 
75 
66 
58 
48 
40 
23 



grin. 
-478 
-410 
0*359 
0-319 
0-261 
0-205 
0-143 
0*572 
-715 



0-286 
-239 
-205 
0-179 
0-159 
0'130 
0-110 
0-060 





(c) AgNOa 


: Water = 1 : 2. 




6-0 


0-5 


104 


-120 


7-0 


0-5 


92 


0-103 


8-0 


0-5 


85 


-090 


10-0 


0-5 


73 


0-072 


12 -0 


0-5 


61 


0-060 


8-0 


'25 


45 


0-045 


,12-0 


0'25 


28 


0-030 



In Table II the volume of salt solution added to a given weight of silver 
nitrate is shown for each experiment ; the volume of water used to dissolve 
the nitrate is not shown, as it is merely the difference between the volume of 
salt solution and the total volume of water required to make up the solution 
to the desired ratio AgNOs : water = 2 : 1 or 1 : 1 or 1 : 2. Thus, in the first 
experiment shown in the table, the proportions are — 

AgN0 3 : Water : Salt solution. 
= 6 grm. : 1 c.c. ; 2 c.c. 
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Fig. 2. — Influence of Temperature on the Solubility of Silver Chloride in Silver Nitrate 

Solutions. 
The dots represent gravimetric experiments at 20° C. 

These observations are plotted out in fig, 2. It will be seen that the solvent 
power of the strongest solution (AgN*0 3 : water =2:1) increases as the 
temperature rises, until at 86° no permanent precipitate is produced by 
adding silver nitrate (10 grm.) to decinormal salt solution (5 c.c.) ; the 
liquid may indeed be regarded as a decinormal solution of silver chloride, so 
far as the chloride and water are concerned. Silver nitrate is, therefore, a 
more effective solvent at high than at low temperatures. 

In the weakest of the three solutions (AglSTC^ : water =1:2), change of 
temperature produces a similar effect since the solubility increases with rising 
temperature, but it does so at an increasing rate. 

It might be expected that, at some intermediate concentration, an inflected 
curve would be obtained which would be concave in one range of temperatures 
and convex in another. This expectation is verified in the case of solutions 
in which the ratios are AgN0 3 : water = 1:1. The observations from 20° 
to 70° plot out to a straight line which no doubt includes the point of 
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inflection; above 70° the curve rises like that for the weaker solution, 
below 20° it would probably show the curvature which is characteristic of 
the stronger solutions. 

The volumetric readings are obtained with increasing difficulty as the 
temperature falls, but a comparison with the gravimetric readings, represented 
by black dots in fig. 2, shows that even at 20° there is no large difference 
between the two series. 

Solubility of Silver Chloride in Common Salt. 

The solubility of silver chloride in solutions of sodium chloride was 
determined gravimetrically at 15° C, by adding to a series of salt solutions 
(containing 28, 20, and 15 grm. NaCl per 100 grm. of solution) sufficient- 
concentrated silver nitrate solution to produce rather more silver chloride 
than would remain dissolved. After warming and shaking, the solutions 
were left to stand during 24 hours at 15° C. A known weight of the 
clear solution was then diluted with water to 20 times its volume ; the 
silver chloride which was precipitated was filtered off on a Gooch crucible, 
washed, dried, and weighed. 

Yolumetric determinations were also made of the solubility of silver 
chloride in 28, 20, and 15 per cent, salt solutions at temperatures up to 
the boiling points of the solutions. Decinormal silver nitrate solution was 
added from a burette to 20 c.c. of the salt solution ; after every addition 
of silver nitrate the concentration of the salt was restored to its original 
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-Solubility of Silver Chloride in Hydrochloric Acid and in Solutions of Common 

Salt. 
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Table III. — Solubility of Silver Chloride in Solutions of Sodium Chloride. 



1 


Gravimetric Measurements, 15° C. 




Strength of salt solution. 


Weight of solution. 


AgCl retained. 


AgCl retained 
per 100 grm. NaCl. 




grm . 


grm. 


grm. 


# 15 per cent. NaCl 


31 -674 


-0030 


0-063 


20 


37 '997 


-0104 


0-134 


*"° 33 33 


.39-117 


0-0305 


0-279 




Volumetric Measurements. 




NaCl. 


N/10 AgN0 3 . 


■ 

Opalescent at 


AgCl retained 
per 100 grm. NaCl. 




c.c. 


° 0. 


grm. 


20 grm. of 15 -per- cent. 


'25 


28'0 





119 


solution 


0'4 


40-0 





•191 




0*7 


64-0 





•335 




1-0 


78-0 





478 




1-25 


89-0 





598 




1-7 


102-5 





812 


20 grm. of 20-per-cent. 


0-43 


17-0 


0" 


156 


solution 


0-65 


26-0 


o- 


234 




0-82 


37-0 


0* 


295 




1-2 


51-5 





430 




1*6 


67*0 





524 




2*12 


79-5 





765 




2-52 


88-5 





910 




3-08 


97-0 


1 


10 




3*52 


105*0 


1 


27 


20 grm. of 28-per-eent. 


2-25 


36-5 





576 


solution 


2-75 


45 -0 





704 




3-5 


56-0 





896 




4-5 


69-0 


1 


153 




5-5 


84-0 


1 


411 




6-5 


94-0 


1 


664 




7-75 


107*5 


1-985 



# Grammes per 100 grm. of solution. 

value by evaporating the solution until the meniscus reached a fixed mark 
on the wall of the test-tube. The solution was then allowed to cool slowly, 
with vigorous stirring, until it became opalescent. 

The results of the gravimetric and volumetric measurements are given in 
Table III. It will be seen that the concentration of the silver chloride 
may be as great as 2 grm. per 100 grm. of salt, and that, in spite of 
its smaller solubility, common salt is a better solvent for silver chloride 
than is silver nitrate. 

Fig. 3 shows that the data obtained by the two methods of measurement 
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are in satisfactory agreement. Three points calculated from data given by 
Barlow, and represented by black dots in the figure, are seen to lie upon a 
curve of precisely similar form. 

Solubility of Silver Chloride in Hydrochloric Acid. 

Hydrochloric acid of constant boiling point (20*24 per cent. HC1) was used, 
in order that loss by evaporation should not alter the strength of the acid. 
To 20 grm. of this acid silver nitrate solution was added gradually. For 
every cubic centimetre of solution added, 1/54 grm. (or 1*315 c.c.) of 33 per 
cent. HC1 was also added, and the volume was then brought back to its 
original value by evaporating. The concentration of the acid was thus 
maintained at 20 per cent, by weight. 

Table IV. — Solubility of Silver Chloride in 20-per-cent. Hydrochloric Acid. 



HOI. 


N/10 AgNO s . 


Opalescent at 


AgCl to 100 grm. 
anhydrous HC1. 






c.c. 


°C. . 


grm. 


20 grm. 


of 20-per-cent. 


1-0 


— 


— 


acid 




1-1 


0*0 


0*39 






2*0 


29*5 


' 0*72 






3-0 


ox o 


1 *076 






3-75 


70*0 


1*346 






4-25 


82*0 


1*525 






4*75 


90*0 


1*74 






5*80 


107*0 


2*08 



It will be seen that the maximum amount of silver chloride dissolved is 
practically the same for hydrogen chloride and for sodium chloride, namely, 
2 grm. AgCl per 100 grm. HC1 or NaCl ; the temperature of saturation was 
approximately 107° in each case ; the concentrations were 20 per cent. HC1 
(saturated with gas at the boiling point), 28 per cent. NaCl (saturated with 
solid). 

B. Silver Bromide, Iodide, and Sulphide. 

(With R G-. Parker, B.Sc.) 

In the case of the bromide, iodide, and sulphide, the measurements of 

solubility are complicated by the formation of double salts. Thus the 

addition of potassium iodide to aqueous silver nitrate may result in the 

precipitation of 

(I) Silver iodide, Agl. 

(II) The double salt, AgI,AgN0 3 . 

(Ill) The double salt, AgI,2AgN"0 3 . 
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So also by the action of sulphuretted hydrogen on aqueous silver nitrate 
there may be produced 

(I) Silver sulphide, Ag 2 S. 
(II) The double salt, Ag 2 S,AglSr03. 

The existence of double salts of silver iodide and silver nitrate was 
referred to as long ago as 1839 by Preuss.* Schnaussf and Kremerj 
prepared and analysed the salt AgI,AgN03. Weltzien§ and Eisse|| 
prepared and analysed the double salt AgI,2AgN03. Both salts were 
prepared and analysed a few years later by Sturenberg.H Kremer** and 
Eisse (loc. cit.) also prepared and analysed a bromide-nitrate of the formula 
AgBr,AgN0 3 . Eisse attempted further to prepare a chloride-nitrate, but 
only succeeded in obtaining a product having the composition AgCl,18Ag\N03, 
which he hesitated to regard as a definite compound. 

The yellow sulphide-nitrate, Ag 2 S,AgN03, which is formed when 

sulphuretted hydrogen is added to concentrated solutions of silver nitrate, 

was prepared and analysed by Poleck and Thummel.ff Gutzeitff had put 

forward as a test for arsenic the formation of a yellow stain by the action of 

arseniuretted hydrogen on a filter-paper moistened with a concentrated 

solution of silver nitrate ; this yellow stain became black on the addition of 

water. Poleck and Thiimmel showed that identical phenomena are observed 

with SH 2 , PH 3 , AsH 3 , and SbH^ The compounds formed by the action of 

phosphoretted, arseniuretted, and antimoniuretted hydrogen have the 

formulae 

Ag 3 P,3Ag¥0 3 , 

Ag 3 As,3AgN"0 3 , 

Ag 3 Sb,3AgN0 3 , 

and are rapidly decomposed by water according to equations such as 
Ag 3 As,3 AgN0 3 + 3H 2 = H 3 As0 3 4- 3HN0 3 + 6 Ag.§§ 

The sulphide-nitrate, Ag 2 S,AgK0 3 , is much more stable, but decomposes 
directly into silver sulphide and silver nitrate when boiled with water. 



*' 'Ann. d. Pharm.,' vol. 29, p. 329 (1839). 

t « Archiv d. Pharm.,' 2, vol. 82, p. 260 (1855). 

% ' Journ. fur Prakt. Chem.,' vol. 71, p. 54 (1857). 

§ 'Ann. Chem. Pharm.,' vol. 95, p. 227 (1855). 

|| 'Ann. Chem. Pharm., 5 vol. Ill, p. 41 (1859). 

IT 'Arch. d. Pharm.,' 2, vol. 143, pp. 12-19 (1870). 
#* <Pogg. Ann.,' vol. 92, p. 49 (1854). 
ft 'Ber.,' vol. 16, p. 2435 (1883). 
| J 'Pharm. Zeit.,' 1879, p. 263. 
§§ Compare Vitali, ' L'Orosi,' 1892, pp. 397-411 ; « Chem. Soc. Abstr.,' vol. 2, p. 206 (1893). 
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Solubility of Silver Bromide in Silver Nitrate Solutions. 

Volumetric measurements were made for a series of different concentra- 
tions, using the same method as in the case of silver chloride in aqueous 
salt solutions. Possibly on account of complications due to the formation of 
a bromide-nitrate, the volumetric and gravimetric measurements agreed less 
closely than in the case of the chloride. Only two of the six series of 
measurements are reproduced, therefore, in Table Y and in fig. 4. 




Fig. 4.- 



O C 20 4G €0 80 !00°C 
-Solubility of Silver Bromide in Silver Nitrate Solutions. 



Gravimetric measurements were made of the solubility at 14*5° C. of 
silver bromide in silver nitrate solutions containing 44, 52, 60, and 65 per cent. 
AgN~0 3 . In each case a clear solution, saturated with AgBr, was precipitated 
by dilution, and the silver bromide thrown down was collected and weighed. 
In one case a duplicate measurement was made by adding a known volume 
of N/10 KBr solution to a known weight of silver nitrate and weighing the 
silver bromide which remained undissolved. The two measurements showed 
a satisfactory agreement. 

Table Y shows that the solubility of silver bromide in silver nitrate 
solutions is much greater than that of silver chloride— on the average about 
three or four times as great. This is contrary to two isolated observations 
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by Hellwig,* who found that 100 c.c. 3N" AgM) 3 (141*4 grm. of 36*l-per~cent. 
solution) dissolved 0*04 grm. of AgBr but 0*08 grm. of AgCl at 25*2° C. ; our 
data, which formed part of a continuous series of observations, and are based 
both on volumetric and on gravimetric measurements, would give about 
0*066 and 0*015 grm. respectively ; it appears probable, therefore, that 
Hellwig has greatly over estimated the solubility of silver chloride in 
solutions of silver nitrate ; on the other hand, his values for the solubility of 
silver bromide are of the same order of magnitude as ours. 



Table V.- 


-Solubility of Silver Bromide in Silver Nitrate Solutions. 


(a) Volumetric Measurements. 


Silver nitrate. 


KBr N/10. 


Opalescent. 


AgBr retained per 
100 grm. AgN0 3 . 




o.c 


°0. 


grm. 


f 


0-65 


22 


-129 




0-72 


35 


0-144 


10 grm. made up to 32 grm. 
per 100 grm. of solution 


0-8 

0-9 

| 1-0 


44 
62 
67 


-159 
0*178 
0-188 




! 1-1 


77 


-207 


V. 


1-2 


79 


-226 


r 


6-0 


37 


1-13 


. 


8-0 


53 


1-50 




10-0 


67 


1-88 


10 grm. made up to 70 grm. 
per 100 grm. of solution 


11 -25 

12-0 

12 -75 


72 
74 
79 


2-12 
2-26 
2-40 




13-5 


82 


2-54 




15-5 


85-5 


2-92 


V. 


17-5 


90 


3-29 




(b) Gravimetric Measurements at 14*5° C. 


AgN0 3 . 


Water. 


Strength of 

AgN0 3 . 


AgBr retained. 


AgBr retained per 
100 grm. AgN0 3 . 


grm. 


e.c. 


per cent. 


grm. 


grm. 


7*326 


9-32 


44 


-0105 


-144 


8-29 


7-65 


52 


-0153 


*185 


7-255 


4-84 


60 


-0205 


-283 (0 -299*) 


7*35 


3-95 


65 


-0268 


0*365 



* By second method. 



Solubility of Silver Iodide in Silver Nitrate Solutions, 

Silver iodide dissolves in silver nitrate solutions even more readily than 
the bromide ; but as the liquid may be saturated with three different solids, 

* 'Zeitschr, Anorg. Chem.,' vol, 25 5 pp. 176-17*7 (1,900). 
VOL. XCI.— A. F 
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namely Agl, AgI,AgN03, and AgI,2AgN03, no attempt was made to 
determine systematically the point of saturation under different experi- 
mental conditions. A complete series of solubility measurements has, 
however, been given by Hell wig* for a temperature of 25*2°. 

By warming together at 60-70° C, 2 grm. silver nitrate, 2 c.c. water, and 
4 c.c. N/10 KI solution, a clear solution can be obtained. When heated to 
100° it gave a yellow precipitate of pure silver iodide, which dissolved 
again when the liquid was allowed to cool slowly, with constant shaking, to 
60-65° C. Evidently, therefore, the silver iodide, which separates from a 
25-per-cent. solution of silver nitrate at temperatures near the boiling point, 
is less soluble at 100° than at 70° C. 

On allowing this solution to cool further it became cloudy at 50° C, and at 
35° deposited white needles of the iodide-nitrate, AgI,AgN"03. These needles 
were at once converted into the yellow iodide by contact with water and were 
also decomposed by alcohol. By draining and pressing on porous earthen- 
ware, a pure white powder was obtained, which lost only 0*1 per cent, when 
dried at 100° during 30 minutes, and therefore contained very little mother- 
liquor. When boiled with water during several hours, 0*0847 grm. gave 
0*0506 grm. Agl and 0*0340 grm. AgN0 3 > whence Agl : AgN"0 3 = 1*07 : 1, 
agreeing satisfactorily with the formula AgI,AgN03. 

When this material was allowed to stand in contact with the mother-liquor 
for 12 hours at atmospheric temperature, the white needles changed com- 
pletely into compact crystals of the iodide-nitrate, AgI,2AgN03- These were 
dried between filter-papers and then in a steam oven. After boiling with 
water during 5 hours, 0*1647 grm. gave 0*0679 grm. Agl and 0*0968 grm. 
AgNOs, whence Agl : AgSTC^ = 1 : 1*97, agreeing closely with the formula 

AgT,2AgN"0 3 . 

The observations recorded above show that the solubility of silver iodide 
in 25-per-cent. aqueous silver nitrate reaches a maximum at about 60°, and 
that at the point of maximum solubility the quantity dissolved even in this 
weak solution amounts to about 5 grm. Agl per 100 grm. AgN03. The 
iodide is thus about 30 times more soluble than the bromide and about 
100 times more soluble than the chloride. 

Solubility of Silver Sulphide in Silver Nitrate Solutions. 

The first effect of adding sulphuretted hydrogen (or a soluble sulphide) to 
an aqueous solution of silver nitrate is probably in every case to precipitate 
the black sulphide Ag 2 S. But, if the silver nitrate solution is at all concen- 
trated, this soon changes over into the yellow sulphide-nitrate of the formula 

*. Loc, cit %% p. 173, 
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Ag2S,AgN0 3 . The time required for the change from black to yellow to take 
place was found to be as follows : — 

Table VI. — Conversion of Black to Yellow Silver Sulphide. 



AgN0 3 . 


Water. 


i 
Change to yellow in ! 


grm. 


c.c. 




1 


1 


Less than 5 seconds. 


1 


1-5 


5 seconds. 


1 


2 


4|- to 5 minutes. 


1 


3 


1J to 2 hours. 


1 


4 


12 hours. 


1 

1 


5 
6 


5 days. 
Several weeks. 


1 


7 


Several months. 


1 
1 


8 
9 


a a 
Remained black. 


1 


10 


a a 



These numbers, which are plotted out in fig. 5 ? indicate that the black 
sulphide would probably be permanent in contact with solutions containing 
10 per cent. AgN"0 3 or less. 

There is evidently a limiting concentration of silver nitrate above which 
the yellow sulphide-nitrate would be stable, whilst below it the black 




Fig. 5. — Conversion of Black to Yellow Silver Sulphide. 
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sulphide would be stable. In order to determine the limiting concentration 
more accurately, attempts were made to measure the velocity of the converse 
change from yellow to black at different concentrations : these were not 
successful, as the change is both slow and indefinite. It was found, however, 
that in contact with 1-per-cent. AgN0 3 the yellow double salt became black 
in the course of 12 hours. 

The yellow salt was prepared by adding to 10 grm. of dry silver nitrate a 
solution of 1*5 grm. Na 2 S in 5 c.c. of water. The yellow precipitate was 
drained on a small Buchner funnel and washed with alcohol until no silver 
could be detected in the washings. It was then rinsed with ether and 
allowed to dry in the dark. Qualitative analysis showed that the substance 
contained only silver, sulphide, and nitrate. Gravimetric estimation of the 
silver gave 

Ag = 77*05, 77*02 per cent. Ag 2 S,Ag"N~0 3 requires 77*49 per cent. 

When boiled with water 0*2054 grm. gave a residue of silver sulphide 
weighing 0*1215 grm. (calc. 0*1218) and containing 87*2 per cent. Ag 
(calc. 87*15 per cent.); the extract contained 0*0835 AgN"0 3 (calc. 0*0836) ; 
the ratio Ag]Sf0 3 : Ag 2 S = 1*002 : 1 agrees closely with the formula 
Ag 2 S,Ag\N"0 3 . 

As the sulphide-nitrate is the stable form at all concentrations above 
10 per cent., all the solubility measurements are for solutions saturated with 
this form of the sulphide, although the data are worked out for the simple 
sulphide Ag 2 S. Some preliminary experiments were made with sulphuretted 
hydrogen, purified by dissolving in milk of magnesia and decomposing the 
resulting sulphide solution by boiling. The purified gas was dissolved in 
boiled water and estimated (1) by precipitating as Ag 2 S and as CdS, and 
(2) by titration with iodine ; but it escaped so quickly from the solution that 
it could not be used conveniently for the solubility measurements. Instead, 
Kahlbaum/s purest crystalline sodium sulphide was used, in freshly prepared 
solutions which were standardised by titration with iodine 

Na 2 S + 1 2 = 2NaI + S. 

The solubility of silver sulphide in silver nitrate solutions was determined 

(a) Gravimetrically at 15°. 
(6) Volumetrically at 100°. 

The volumetric method could not be used in the same way as in the case of 
the chloride and bromide, because the solubility of the sulphide is almost 
independent of the temperature; nor could the method used at 100° be used 
at atmospheric temperature, since silver sulphide when once precipitated is 
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very difficult to dissolve again, especially at temperatures below the boiling- 
point. 

The gravimetric measurements were made by adding 50 c.c. 0*948 x N/5 
sodium sulphide to 100 grm. of silver nitrate (AgN0 3 : water = 2:1) 
war.oring and stirring thoroughly, then leaving 24 hours to settle at the 
atmospheric temperature. The undissolved silver sulphide was filtered off, 
drained, washed with alcohol and ether, and weighed as Ag2S,AgN0 3 . This 
process was repeated after adding successive quantities of 50 c.c. of water to 
the solution until all the sulphide had been precipitated. The solubilities are 
much less even than in the case of the chloride, and are therefore subject to 
larger percentage errors. A further source of error is introduced by the 
difficulty of weighing the double salt, w T hich decomposes if washed with water ; 
thus the actual weight of the double salt collected was 2*040 grm., the 
calculated quantity being 1/985 grm. The data are set out in Table VII. 



Table VII. — Solubility of Silver Sulphide in Silver Nitrate Solution 

at 15° C. 



AgN0 8 . 


Water. 


Ag 2 S,AgNO s 
precipitate. 


Ag 2 S retained* per 
100 grm. AgN0 3 . 


Strength, of 

AgN0 3 . 


grm. 


c.c. 


grm. 


grm. 


per cent. 


100 


50f 


1-924 


-0696 


66-7 


100 


100 


-0789 


-0227 


50-0 


100 


150 


-0220 


0-0097 


40-0 


100 


200 


-0163 


trace 


33-3 


100 


250 


trace 


o-o 


28-6 



# Calculated from the total weight of sulphide -nitrate precipitate on dilution, 
f Containing Na 2 S of concentration *948 N/5 or M/10. 

Volumetric measurements were made at 100° 0. by two methods. In the 
first a solution of sodium sulphide was added to 10 grm. of silver nitrate, mixed 
with a variable quantity of water, with constant shaking in a closed test-tube, 
until a faint permanent precipitate w T as formed. In the second method a 
definite quantity of sodium sulphide was added to a solution of silver nitrate 
under such conditions that a clear solution was produced ; water was then 
added gradually until a faint permanent precipitate was formed. The second 
method gives better results than the first; the results obtained by both 
methods are collected in Table VIII. 

It will be seen at once that even at 100° C. the quantities of silver sulphide 
retained are very small ; at the high concentration AgNOa * water = 2:1 the 
quantity of silver sulphide is only about 0*1 per cent, of the weight of silver 
nitrate in the solution. The order of magnitude is the same at 100° C. as 



70 



The Silver Voltameter. 



Table VIII. — Solubility of Silver Sulphide in Silver Nitrate Solutions 

at 100° C. 



AgNO ;t . 




Na 2 S. 




"Water. 


per 


Ag 2 S retained 
100 grm. AgN0 3 . 


Strength, of 
AgN0 3 . 








(a) First Method. 




i 
i 
i 


grm. 


c.c. 






c.c. 




grm. 


per cent. 


10 


1 -1 


N 




o-o 




1-36 


90-2 | 


10 


1*4 


N/2 




o-o 




0-87 


87*7 i 


10 


2 -15 


N/5 




o-o 




0-62 


82*2 ; 


10 


2*6 


1 -047 N/10 




o-o 




'348 


79-4 


10 


2-1 


j> 




1-0 




0-281 


76 -3 


10 


1-1 


">•> 




2-5 




0-147 


73-5 


10 


0-45 


33 




5'0 




0-060 


64-7 








(b) Second Method 






10 


2'0 


0-98N/10 




1-5 




0*243 


74-0 


10 


1-5 


j? 




2-6 




0-180 


70-9 


10 


1-0 


•>•> 




4*15 




0-120 


66-0 


10 


0-5 


jj 




6*15 




0-060 


60-1 


10 


0'2 


33 




8'5 




0*024 


53-5 


10 


O'l 


33 




11-5 




0-012 


46-5 


10 


0-05 


35 




14'5 




0-006 


40-8 



i-4 



1-2 



CO 

o 



s 



'ofi 
O 

o 

r-i 

H3 
CD 

•r-< 



CD 



1-0 



o- 



0-4 
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Fig. 6. — Solubility of Silver Sulphide in Silver Nitrate Solutions. 

Gravimetric measurements at 15° are indicated by arrows ; the other points indicate 
volumetric measurements made at 100° by two methods. 
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at 15° C. for similar concentrations, but by using concentrations up to 
AgITO3 : water = 9:1 the solubility of the sulphide in the hot solutions was 
increased to 1*36 per cent, of the weight of silver nitrate. These concentrated 
solutions are a clear yellow, resembling aqueous solutions of potassium 
chromate. 

The data now given can only be regarded as approximate, but the general 
influence of the concentration of the silver nitrate on the solubility of silver 
sulphide is shown clearly in fig. 6, in which all the data are set out together, 
and are seen to be very near to a smooth curve whether they refer to a 
temperature of 15° or 100° C. 



Fog Signals. — Areas of Silence and Greatest Range of Sound. 

By A. Mallock, F.E.S. 

(Keceived June 19, — Eead June 25, 1914) 

The experience of Trinity House in regard to the audibility of sound 
signals has brought to notice the fact that on occasions the sound may be 
heard near the source and again at a considerable distance, while inaudible 
between these positions. 

This was first observed, or at least prominently brought forward, by 
Prof. Tyndall. The statement was regarded with some scepticism by 
scientific men at the time, but the explanation of the effect of wind on sound 
given by Prof. G. Stokes* will, with a little amplification, suffice also for the 
silent areas. Stokes in this explanation (which was repeated by Henryf and 
by Osborne BeynoldsJ) points out that the speed of the wind, in consequence 
of the surface friction of the ground, increases with the height, and that 
since the velocity of sound is constant not with reference to the ground, but 
to the air through which the sound travels, the front of a plane wave vertical 
at some given instant will subsequently lean backwards if travelling against 
the wind, and forwards if with the wind. Or, in other words, the sound 
tends to leave the ground in the first case and to cling to it in the second. 

If one may use such a word as a " ray ?? in connection with sound, the ray 
to windward is deflected upwards, and the ray to leeward, downwards. The 

* Stokes, 'Brit. Assoc.,' Dublin, 1857. 

t Henry, " Researches in Sound," ' Animal Report of the U.S.A. Lighthouse Board,' 
1865. 
| Osborne Reynolds, ' Roy. Soc. Proe,/ April 25, 1874, 



